Wstęp: W wielu badaniach wykazano, że nienasycone kwasy tłuszczowe typu trans są najbardziej szkodliwym rodzajem kwasów tłuszczowych, a ich spożywanie może prowadzić do nasilenia stresu oksydacyjnego, niekorzystnych zmian stężenia frakcji cholesterolu LDL oraz zaburzać metabolizm kwasów tłuszczo-wych z rodziny omega -6 i omega -3.
INTRODUCTION
Trans -unsaturated fatty acids (TFAs) became an object of particular interest due to their relationship with cardiovascular diseases [ , , , ] . Numerous studies showed that TFAs are the most harmful type of fatty acids, and that their ingestion leads to an increase in the plasma levels of LDL cholesterol while reducing the levels of HDL cholesterol [ , , ] . Increased oxidative stress, also associated with the ingestion of TFAs [ ], may initiate or accelerate the course of many inflammatory diseases [ , , , , , , , , , , , , , , ] . By inhibiting the activity of Δ -desaturase, TFAs reduce the degree to which n -and n -fatty acids are utilized in the synthesis of anticoagulant prostaglandins [ , , , , , , ] .
Trans -fatty acids cannot be synthesized de novo in the human body; thus, their presence in tissues and systemic fluids is the result of the ingestion of TFA -containing foods [ , ] . Trans --fatty acids are produced in the industrial processing of vegetable oils [ , , ] , or in the process of biohydrogenation mediated by bacterial flora in the stomachs of ruminants; their structure includes at least one double bond with trans configuration [ , ] .
Products containing industrially hardened vegetable and fish oils are the main source of TFAs in the human diet, accounting for more than % of the total amount consumed [ , , ] . The TFA content in milk/dairy and meat is %, and % of the total fatty acid content, respectively [ ]. At the same time, the content of TFAs in hardened vegetable oils is at the level of -% [ ].
Most common are the trans isomers of octadecanoic acid C : , accounting for -% of all TFAs present in food. The predominant trans isomer found in the fat of ruminant animals is vaccenic acid (C : ; trans -), accounting for -% of all trans isomers of C : [ , ] . Elaidic acid (C : ; trans -) has the highest share in the structure of fats produced by the industry [ , , ] .
The purpose of the study was to determine the concentration profiles of elaidic and vaccenic acids in maternal blood plasma in the perinatal period, and in the plasma of blood collected from the umbilical vein. The article deals with the issue of the correlation between the levels of trans -unsaturated fatty acids in maternal and neonatal blood, which could be suggestive of the transplacental transport of these acids. The existence of potential correlations between the levels of trans -unsaturated fatty acids in maternal and umbilical blood and birth weight and body length in neonates was verified.
MATERIAL AND METHODS

Study population
The study protocol was approved by the Ethics Committee of the Pomeranian Medical University in Szczecin (PMU), and the study was performed in accordance with the ethical standards laid down in the Declaration of Helsinki and its later amendments. All subjects gave their informed consent prior to their inclusion in the study.
The study population comprised patients of the Surgery and Delivery Room of the Clinic of Obstetrics and Perinatology of the PMU and their newborns, delivered between June and August in the years and . The inclusion criteria included the exclusion of any pathology of the pregnancy, and lack of concomitant chronic diseases before pregnancy. The mean age of patients was . years. women were uniparous, while were multipars. The morphological and functional maturity of neonates was adequate to their gestational age.
Analysis of fatty acids
Blood samples were collected into vacuum tubes with EDTA anticoagulant in fasting conditions from the basilic veins of mothers at the first stage of delivery; umbilical vein blood was collected immediately after clamping of the umbilical cord. The samples were centrifuged for minutes at °C and × g. The plasma was frozen and stored at − °C until used for analysis.
Lipids were extracted from the study material using Folch reagent, and then hydrolyzed to obtain fatty acids that were later transformed into methyl esters. Fatty acid methyl esters were injected onto a capillary column (CP -SIL M × . mm ID, film thickness . μm, Varian) of an Agilent M gas chromatography system integrated with an autosampler. The temperature of the detector was °C. Geometrical and positional isomers of fatty acids were identified by comparing their retention times with those of the fatty acid standards from Sigma -Aldrich. The content of individual fatty acids was determined from the reference curves, and expressed in mg/mL.
Statistical analyses
The obtained data were verified by classical descriptive and mathematical statistics using Statistica software. The distribution of analyzed variables was close to normal, which facilitated the correlation analysis, consisting in the calculation of Wnioski: Obecność kwasu wakcenowego i kwasu elaidynowego w osoczu krwi z żyły pępowinowej jest dowodem na istnienie ich transportu przezłożyskowego. Istotnie większe stężenie kwasu elaidynowego w osoczu krwi pępowinowej w porówna-niu ze stężeniem kwasu wakcenowego może świadczyć o więk-szym natężeniu metabolizmu kwasu wakcenowego w łożysku.
Stężenia nienasyconych kwasów tłuszczowych typu trans nie miały wpływu na masę urodzeniową i długość ciała noworodków. Słowa kluczowe: nienasycone kwasy tłuszczowe typu trans, kwas wakcenowy, kwas elaidynowy, ciąża, krew pępowi-nowa.
Pearson's coefficient of correlation r, and tests for the significance of this coefficient. Next, the obtained value was compared to the critical value listed in Student's t -test value tables for n -degrees of freedom and the assumed significance level α. Significant coefficients of correlation are listed in tables (α = . ). Analysis of variance (ANOVA) was used to determine the diff erence in the means of the tested variables, with the significance level α = . .
RESULTS
Maternal characteristics, pregnancy course and neonatal birth parameters
The data concerning maternal age, body mass index (BMI), pregnancy weight gain and gestation weeks of delivery are presented in Table . The data concerning the birth weight and body length of the neonates are presented in Table . The coefficients of variability obtained for neonatal body length (including those determined with consideration to female and male sex) suggest a poor, statistically non--significant variability (Table ) .
Comparison of mean concentrations of elaidic acid and vaccenic acid in maternal plasma (MP) and umbilical blood plasma (UP). The lowest levels of both acids were observed in umbilical blood plasma. The elaidic acid levels were as follows: MP .
mg/mL ± . mg/mL, UP . mg/mL ± . mg/mL, while the vaccenic acid levels were: MP . mg/mL ± . mg/mL, OP . mg/mL ± . mg/mL (Table ) ; the diff erences were statistically significant (Table ) .
Table presents the percentage share of maternal plasma samples and umbilical blood plasma samples in which elaidic acid or vaccenic acid were not detected.
Correlations
The statistically significant correlations between the elaidic acid and vaccenic acid levels and the levels of other fatty acids in maternal plasma are listed in Table . The analysis of correlations between the levels of fatty acids in umbilical plasma revealed a statistically significant positive correlation between the levels of elaidic acid and vaccenic acid. No correlations were observed between the TFA levels and the polyunsaturated fatty acids (PUFA) levels (Table ) .
A statistically significant, negative correlation was observed between maternal vaccenic acid levels and umbilical vaccenic acid levels (Table ) .
No correlations were observed between the elaidic acid levels and the levels of the remaining fatty acids. No correlations were found between the levels of elaidic acid and vaccenic acid in maternal and umbilical plasma and the birth weight and body length of the newborns.
DISCUSSION
Trans -fatty acids, absorbed in the intestine, may undergo such metabolic transformations as oxidation, chain elongation and generation of additional double bonds or accumulation in the adipose tissue. Trans -fatty acids may be incorporated into cellular structures (particularly into individual phospholipid fractions), leading to changes in cellular membrane
Characteristics of pregnant women (n = 53) and pregnancy course data Birth parameters of neonates with consideration to female (n = 24) and male (n = 29) sex fluidity, disturbed reception, and transfer of information by membrane receptors, as well as to altered activity of certain enzymes [ , , , , ] . In this study, the levels of two TFA isomers: elaidic acid (C : trans -) and vaccenic acid (C : trans -) were determined in maternal plasma during the first stage of delivery, as well as in the plasma of blood collected from the umbilical vein. Trans -fatty acids cannot be synthesized in the human body, and thus their presence in the study material is due to the intake of TFA -containing foods by the study mothers during their pregnancy.
Mean maternal plasma levels of both isomers of trans -C : were similar. Due to the metabolic changes that accompany delivery, they were a result of both maternal intake before delivery and release into the blood from adipose tissue, where they had been stored as triglycerides [ , ] . The delivering mothers had no food for about a dozen or so hours, and were subject to physical and emotional stress due to staying in the Levels of the analyzed fatty acids in the study material (n = 53) 
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Correlations between the levels of fatty acids in umbilical plasma and the levels of these acids in maternal plasma TABLE 8.
Levels of fatty acids in umbilical plasma
Levels of these acids in maternal plasma C18:1 t9 C18:1 t9 C18:2 n -6 C18:3 n -6 C18:3 n -3 C20:4 n -6 C20:5 n -3 C22:6 n -3 C18:1 t9 nc nc nc nc nc nc nc nc C 1 8 : 1 t 9 n c − 0 . 3 5 n c n c n c n c n c n c Both the elaidic acid and the vaccenic acid levels in maternal plasma was positively correlated with the levels of linoleic acid (LA), docosahexaenoic acid (DHA) and α -linolenic acid (ALA). It may be suspected that the increasing levels of TFAs inhibit the elongation and desaturation of LA and ALA in an increasingly efficient manner, preventing the transformation of LA and ALA into PUFA, and thus increasing their plasma levels. On the other hand, TFAs, as well as LA and ALA, may be of significant importance for the mother and/or the baby during the delivery, as evidenced by their mobilization from the adipose tissue and the increased plasma levels. C : acids, including the trans -isomers, may be an important energy substrate during the delivery, and the elevated concentration of LA, ALA and DHA in maternal blood promotes their transport into the foetal circulation, as confirmed by the positive correlation between ALA levels in maternal plasma and umbilical plasma, as well as the DHA levels in the mother and the newborn.
Elaidic and vaccenic acids was also detected in the plasma of blood collected from the umbilical vein. The umbilical vein facilitates the transportation of oxygen, nutrients and other compounds from the maternal circulation into the foetal circulation. Therefore, the presence of TFAs in umbilical blood is proof of their transfer through the placental barrier. The transfer of TFAs into the foetal circulation had been already observed in earlier studies conducted in animal models, as well as in mothers and newborns [ , , , , ] . For example, it was demonstrated that labelled elaidic acid administered to pregnant female rats crossed the placental barrier and could be used by foetal tissues as an energy substrate in the β -oxidation process [ ]. Evidence is also available to support the transplacental transfer of TFAs in both animals and humans [ , , , , , ] . Therefore, TFAs may be a factor that increases the risk of developmental defects, not only during intrauterine life, but also in infancy and adult life [ , ] . This follows from the theory of the so -called "metabolic programming" that occurs during intrauterine development. Inappropriate nutritional habits of pregnant mothers combined with environmental factors may disturb the foetal metabolism, predisposing the baby to cardiovascular or metabolic diseases (hypertension, obesity, diabetes) in adult life [ , ] .
The mean levels of the analyzed trans -isomers of C : in the umbilical vein were to times lower than in the plasma of the delivering mothers (the diff erence was statistically significant), which might suggest the impact of factors restricting their transport through the placenta, or their metabolism within the placenta tissue, i.e. before entering the foetal circulation.
Of note is the fact that despite both acids being present in the plasma of . % of women in the first stage of deli very, C : trans -was present in umbilical plasma at detectable levels in . % of samples, while C : trans -was present at detectable levels in only % of samples. Such results could be due to the time interval between the collection of blood from the mother and the neonate, lasting up to several hours, or even a dozen or so hours. This hypothesis may also be confirmed by the demonstration of a negative correlation between the levels of vaccenic acid in maternal plasma and umbilical plasma. The observed eff ect may also be due to the presence of mechanisms that restrict the placental transfer of this acid when its maternal circulation level is increased. The metabolism of vaccenic acid into rumenic acid (RA, C : cis -, trans -) mediated Δ -desaturase should also be taken into account. Earlier, Turpeinen et al. observed that the increase in the levels of rumenic acid in blood serum was positively correlated with the increase in vaccenic acid levels [ ]. The increase in the levels of C : trans -in maternal plasma could trigger its transformation into RA, thus reducing its transport through the placenta into the foetal circulation. However, the RA levels were not determined in the study material, making the hypothesis impossible to verify.
A positive correlation was recently observed between the elaidic acid levels and the vaccenic acid levels in umbilical plasma. This suggests that the placental transport and/or metabolism of these compounds are somehow related to each other. Perhaps both isomers are incorporated into the same triacylglycerol molecules, and thus enter the foetal circulation. It is also possible that both elaidic and vaccenic acid enter the foetal circulation in the form of free acids. Taking into account earlier reports by other authors, it might be suspected that elaidic acid and vaccenic acid were used as structural, energy and reserve substrates in the systems of the mothers and neonates included in the studies [ , , , ] .
It is suspected that trans -isomers of oleinic acid (C : ), generated in the process of the hydrogenation of unsaturated fatty acids originating from vegetable oils, have an adverse eff ect on the growth and development of the system, as they inhibit the transformation of linoleic acid (C : n -) into arachidonic acid (C : n -) and the transformation of α -linolenic acid (C : n -) into docosahexaenoic acid (C : n -) [ , , , , , ] . These long -chain polyunsaturated fatty acids (LC -PUFAs) aff ect, among others, the development of the nervous system [ ]. Several studies conducted in vitro or in animal models confirmed the hypothesis that TFAs might disturb the formation of double bonds within the linoleic acid hydrocarbon chains [ ]. It is also possible that a TFA -rich diet is also low in n -and nacids, thus limiting their supply [ ].
Earlier studies revealed a statistically significant negative correlation between the levels of TFA and LC -PUFA in, e.g.: umbilical blood in healthy in -term neonates [ , ] A negative correlation was observed between the levels of trans isomers of C : and C : tt and the levels of nand n -PUFAs [ , ] . In healthy, in -term newborns the increase in TFA C : levels in the lipid structures of the umbilical vessel walls reduced the levels of DHA [ ]. A similar trend was observed by Elias and Innis [ ], who analyzed the content of TFA, LA, arachidonic acid (AA) and DHA in the triglycerides and cholesteryl ester fraction of umbilical blood plasma.
By restricting the synthesis of LC -PUFAs, TFAs adversely aff ect foetal growth and development and, in consequence, the neonatal birth weight [ , , , , ] . In addition, proper development of the nervous system, during both foetal and postnatal periods, is determined by LC -PUFAs [ , ] . However, it appears that the TFA levels must be relatively high (to a degree unprecedented in the average human diet) in order to disturb LA desaturation [ ]. As demonstrated by Koletzko, there is a negative relationship between the levels of elaidic acid in neonatal plasma and birth weight, but there is no relationship between these levels and the duration of pregnancy [ ]. Dirix et al. found that body weight was negatively correlated with the levels of trans -isomers in umbilical blood erythrocytes [ ]. On the other hand, Elias and Innis demonstrated that the levels of TFA in neonatal plasma were negatively correlated with the duration of pregnancy but had no eff ect on the birth weight and the body length of neonates [ ].
In contrast to previous studies, no eff ect of TFAs on birth weight or neonatal body length were observed.
Exposure to TFAs present in natural conditions in the fat of ruminant animals may pose the same risk of cardiovascular diseases as in the case of TFAs obtained in industrial processes [ ], although some reports suggest no eff ect, or even a positive eff ect of these acids on the blood levels of individual lipid fractions [ , , ] . Due to numerous reports on the negative eff ects of TFA, women should pay attention to the food they consume as early as in the pre -conception period, and most definitely during the pregnancy, as the half -life of fatty acids within the adipocytes is ca.
days [ ].
CONCLUSIONS
The presence of trans -unsaturated fatty acids (elaidic acid and vaccenic acid) in umbilical plasma is evidence of the transplacental transport of these acids. The significantly higher levels of elaidic acid compared to vaccenic acid in umbilical plasma, with comparable levels of both acids in maternal plasma, suggests that vaccenic acid is more extensively metabolized in the placenta. The levels of trans -unsaturated fatty acids in maternal plasma and umbilical plasma as determined in this study had no eff ect on the birth weight and the body length of neonates. Aro A., Kardinaal A.F.M., Salminen I., Kark J.D., Riemersma R.A., : Geometric and positional fatty acid isomers interact diff erently with desaturation and elongation of linoleic and linolenic acids in cultured glioma cells. Biochem Cell Biol. 1990, 68 (3), 653-660. De Schrijver R., Privett O.S. 19. : Interrelationship between dietary trans fatty acids and the 6 -and 9 -desaturases in the rat. Lipids. 1982, 17 (1), 27-34. Kurata N., Privett O.S. 20. : Eff ects of dietary trans acids on the biosynthesis of arachidonic acid in rat liver microsomes. Lipids. 1980, 15 (12) , 1029-1036. Larque E., Zamora S., Gil A. 21. : Dietary trans fatty acids alter the compositions of microsomes and mitochondria and the activities of microsome delta6 -fatty acids desaturase and glucose--6-phosphatase in livers of pregnant rats. J Nutr. 2003 , 133 (8), 2526 -2531 Dietary trans fatty acids aff ect docosahexaenoic acid concentra-
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